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MQH STRENGTH TT8N STEEL SHEET, tftGH STRENGTH ALLOYED 
STEEL SHEET, AND METHOD FOR PRODUCING THEM 


The present invention provides a high strength 
orkeba^y and gatoexizabftty, having a 
a*npos*on conpnstng from 0.01 to 0.20 wt% C, up to 
1.0 wt% Si. from 1.0 to 3.0 wt% Mn. up to 0.10 wt% P. 
up to 0.05 wt% S> up to 0.10 wt% Al, up to 0.010 wL% 
N, up to ixhrt.% Or, from 0.001 to 1.00 wt% Mo. and 
the ba l a nce Fe and incidental impurities, wherein a 
band structure compri si ng a secondary phase has a 
thickness satisfying the retaa^ (where, 
T^ average thickness of the band structure in the thick* 
ness drecoon off steel sheet; T: steel sheet thickness), 
and a manufacturing method thereof, and a rnenufiactur- 
ing method of a high strengfr hot<*> galvanized steel 
sheet or a high strength p^lvannealed steel sheet apply- 
ing hoHfip galvanizing or further galvannooling, and 
giving an cocetent wortabifty, a Ngh tensile strength, 
and eoceient galvanizabifty coaling adhesion and cor- 
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Description 
lecnracai i wq 

5 [0001] The present invention relates to a high strength thin steeJ sheet (substrate for galvanizing) suitable for such 
uses as an automobde body and a high strength gateinnealed steel sheet made from the high strength thin steel sheet, 
as wel as manufacturing mem^ 
and the high strength gafvarateated steel sheet 

10 Background Art 

[0002] From tie point of view of achiev^ 

eailh environments* there are increasing applications of high strength steel sheets and high strength hot-dip galvanized 
steel sheets excoiont in corrosion resistance as steel sheets for automobiles 
15 [0003] In orrJar to nwufecture higji strenglh hot-rjp gaivanized steel sheets among others, rt is necessary to pre- 
viously manufacture a material sheet having a good gafcanizabiity. and giving desired strength and workabirty alter 
passing trough a hoH%>gawan« ^ 

[0004] In order to increase strength of a steel sheet in general, it is the conrimm 
ening elernents such as P. Mn and Si and rxec*rtation hardening elemerrts such as Ti, Nb and V. 
20 [0005] When a steel sheet containing these elements added as Aascnb^ 
o a*o nizingine(CGL) t thes 

and furttier, a Irjw cooing rate ma^ strength: achievement of a high tensfle strenglh 

requires addtton of attoy elements in large quantities, and this leads to a higj>er cost 

[0006] Adtfion of aioy elements in 
as The oyaritiies of added 

[0007] Because of the contr a dkAyy actions of atoy eteme n te in the substrate steel sh^ 

abiiy, ft has been very rJlTM term 

on a continuous hot-o^p gawanizing ine. 

[0006] In tie case of Ngh strenglh steel sheets 
so sheet e x cdto nt in workabaty because of taw proper^ 

[0000] As a high strenglh steel sheet having a high workability, on the other hand, there has conventionally been 

proposed a composiB (containing 

[001 0J This conyosie structure steel sheet i6rior*aging at room te mpera 
(YS) } / { tensile sfrengjh (TS) } I and is SNceMent in wortabiity and hardenabW^ 
35 [0011] A taiown manufacturing m 

wrthin tie (a + f) region, and then rapid cool the steel sheet by water cooling or gas cooing. It is also known that a 
higher cooing rate leads to the necessity of a smaier number of necessary alloy elements and a smaller amount of 
aocsDon. 

[0012] However, when a conventional composite structure steel sheet is subjected to hot-dp galvanizing at a tem- 
<o perature of about 500 *CX or further, to a rteatirtg-galvanneeiing treatment hard martensite. a targeted secondary 
ph ase; does not occur, in addMon to the primary phase ferrite, but there are generated soil cemenite, pearifte and 
bainfte. This resufts in a decr e a se in tensie strenoJh and aDoearance of an uoner viekJ ooint teadvxi to an incr e a se in 
yield point, or totter, an yield elongation. 

[0013] "Temper so ftening tends to be easily caused according as the quantities of added aloy e le ment s become 
<5 s m a le r. targe quartiles of ttese o toy e l ements causes, on the other hand, a decrease in hot-dy gatea n jring property 

[0014] After at, hard martensite is not generated during the galvanizing step even in the composite structure steeJ 

sheet, but soft cementite, pearfte and bainite are produced. It has therefore been difficult to achieve compatibility 

between workabifity brought about by the primary phase ferrite and a high strength based on the secondary phase mar-* 

tensite, and a sat i sfa ctory go Jv a n iza b tt ty in the corwentonal art 
so [0015] hi a galvanized steel sheet on the others 

tng adhesion so as to eMm t nate the necessity to prevent peeling of the galvanizing layer upon press working and mairt- 

tajnadte. 

[0016] In order to ncrease strenglh of a steel sheet in general, it is the common practice to add soid solution hard- 
ening e t e men te (easdy oxkfizabte elements) such as Mn as described above. These elements however become aides 
55 during reduction-anneaing before gawaniring, are concenfcated on the steel sheet surface, and reduce wettabifity by 
the molten zinc resulting in production of nort-gawanized detects on the steel sheet surface in which the gaWanizing 
la y er hardy adheres to the steel sheet surface, 

[0017] The cause is as foftows. A recrystaJfczation anneaing atmospher is a reducing atmosphere for Fe, which 
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(toes nrt allow production of FeaxMes^bU 

elements are concentrated on the steel sheet surface, form an oxide ttm, and thus reduce the contact area between 
the molten zinc and the steel sheet 

10018] As a manutocturing method of a high strength hofetip galvanized steel sheet, a method of regulating the 
s coofing rate oWing annaaing upon aa*vanizing is dkxkxxxi in Japanese Unexamined Patent Publication No 55-50455 
The dfccJoeed method contains no description about a method for improving gafvanizability. Particularly, when the Mn 
contort in the maierial steel sheet is o^ 
nothing about a method tor irrproving coating adf)es^ 

10019] Under the current actual circumstances, therefore, the high strength steel sheet excellent in workability 
10 attraction as a high strengt) rnaterial for automobie tacks actual means to be applied as a surface-seated steel sheet 
exMttent ateo in coating adhesion, though not excellent in workabifity, in the form of a hofrdip galvanized steel sheet 
100201 Japanese Examined Patent Publication No 7-9055 dfectoses a method of applying gakaniztog to a steel 
sheet pkMed alter anneaing as a method for inproving the gaivanneaing rate of a P-added steel. This method has 
however an object to improve the garvamee*rxj rate, not top 
15 [0021] The above-mertioned rnethod leeches riothing about the dew point the hydrogen concentration and tem- 
perate atnxx^e gas upon ar^ 
«de^ to occur nx^ 

10022] Japanese Unexamined Patent Pubicatton No. 7-268584 cfsctoses a method of conducting secondary 
aiTneairigataterTxxirature 
20 that the temperature region for preventing brtieness of a steel sheet k 
c*scfcx>ure of a ternperature for impi ovw >g gaivarmzabwly. 
100231 ^Prog^ invention h^ 

and to provide a high strength thin steel sheet serving as a substrate tor gaivaniztng which is excellent in workability 

and strength even after hot-dp galvanizing or furt** a ga 
25 86 88 cxco»ent corrosion resistance, a geivannealed steel sheets made of this high sfrength thin steel sheet 

exc*»ertinwof1a*)iity,coa^ 

[0024] More specffca^ an object of tte 

workabtty which satisfies concftim incfuolng a yM 

%, and pem^ prevention erf occurrer^ 
ao the above high strengm thin steel sn^ 

rrwr»*actoring methods of such high strength thin steel sheet Ngh~strength hot-dp gnlvnni loJ steel sheet and high 


35 


[0025] Asaresuttof extBftsivestLriKBcam 
lowtrigfinrJngs(t)to(4): 


(1) Dispersion of bend structures in steel sheet 

I m 

lOOBq A thin steel sheet in which a high workabtfty and a Npjh tensile strength are sirnuManeousry achieved, wHh 
a satisfactory gaweniiabgtjfi is avaioblo, from the point of view of improving nrechanical properties, by using a steel 
sheet having a preserved chemical oxryosition and heating the steel sheet to a ternperature of at toast a prescribed 
level to cause dfcpersaon of a band structure particularty, comp r i si n g a secondary phase (comprising mainly cem anti to , 
pearfte and bajnite and only partiaJy mart ensile and residual austenrte) to a prescribed extent in the steel sheet 


(2>q fro*tagd )hee^ 

[0027] A high strength hot-dp galvanized steel sheet which permits prevention of notvgaKrarized defects, excel- 
so lent in workabWy, coaling adhesion and corrosion resistance is obtained, from the point of view of improving gaJvaniz- 
abiity, by using a steel sheet having a prescrtoed chemical composition, tjeaCngt he steel sheet to a temperature of at 
least a prescribed level in a n annealing fu rnace, then afte r cootinpg removing a concetti ated jgyer of steel constituents 
on trie stedsh ^ surface the nars 

I on a continuous hot-dp galvanizing fine, and then, subjecting the steel sheet t o hot-dp 



m other words, an irrponant port lor ensuring a n»gn 
once annealed steel sheet is the atmosphere used upon reoXictxxvannealtnfl. 

[0029] An oxide fim poor in wettabSty with the molten zinc impairs galvantzabttty of the steel sheet immerJatefy 
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after ameaing unless toe atrnosphere suff icientty reduces P-based picking residues produced on the steel sheet sur- 
face upon picking the once annealed steel sheet hi the manufacturing method of a high strength hot-dp galvanized 
steel sheet of the present invention, the once annealed steel sheet is annealed again at a prescnbed heating-reduction 
temperature in a prescribed reducing atmosphere, and the subjected to hot<lp galvanizing. 

(3) One-stage heating 

[0CBg]tear^ 
rty. vw tebtity 

olp gahwang after heating the steei sheet at an appropriate heaino temperature in an appropriate atmosphere gas. 

(4) Gatarmeafing treatment 

[0031] A high strength garvarmeated steel sheet excellent both in coating adhesion after galvarmealing and corro- 

»on resistance is awjitebte by g*h«^^ 

cw^ iwtBrcondM8onssafc^ 

IW ^Wowingacpecte of toeing 

were completed on the basis of the aforemenfonedf^ 

^M)A^ strength thin steel sh^ C: 
^ftwHl01to0.20wt%. Si: up to 1.0 wt%, Mn: from 1.0 to 3.0 wt%. P: up to 0.10 wt%, S: up to 0.05 wt%, Al:*up 
toOlO wt%, N: up to 0.010 wt.%. Or : up to 1 .0 wt%, Mo: tarn 0.001 to 1.00 wt %, and the balance Fe and tocf- 
derrtal imrjurries, wherein a band structure conyi si n g a secondary rj^ 
T b /Ts 0.005 (where, 
sheet thickness). 

(2) A high stentfh thin steel sheet excefent in workabgty and gah*anizab»Ety aooordrng to (1) above, wherein the 

high strenjjtothto steel cteettortoerOT 

wt% Ntx from 0.001 to 1.0 wt% Ti, and trom 0.001 to 1.0 wL% V. 

CTAmirTufactoringrrwtiodrt 

the thkfrwss of toe band structure comprising a secondary phase rs adjusted within a range of T b / T 5 0,005 
(where, T b : average thickness of the band stojeture in toe tvekness drectton of steei sheet and T: steei sheet 
thk**ess)byhot-roair*jasta^ 

torn 1.0 to3.0 wt%, P:upto0.10wt%> S: up toO.05 wt%> Afc up to 0.10 wt%. H: up to 0.010 wt%, Or: up to 1.0 
wt%» Mo: trom 0.001 to 1.00 wt%, and the balance Fe and incidental imrjurries, cottng the hot-rolled steel sheet 
ataterfperatureofupto75rrQandtoen 
the same. 

(4) A manufacturing method of a high strerio^ 
- to (3) abo^ whereto toe thickness of 

of T b /T3S 0.005 (where, Tb: average thickness of the band structure to toe thickm 

T: steel sheet tiickness) by cottng the hot-roied steel sheet at a temperature of up to 750°C then coftd-roffng toe 
steel sheet and then, after heating to a tornperatoe of at least 750 ^cooing the same 

(5) A manufacturing metn^ 

to (3) or (4) above; comprising the step ot after healing the steel sheet to a ternperalure of at least 7» 

tioHip optimizing to tte 

a heattog-^Bwanneaing fe eatment 

(6) A menufacturing method of a high strength thin steei sheet excellent in workabffty and gaJvarizabihty accorrjng 
to (3) or (4) above, comprising the steps of adjusting the thickness of the band structure crjmprising a secondary 
phase within a range of T b / T s 0.005 (where, T b : average thickness of the band stocture to toe thkJmss ejec- 
tion of steel sheet and T: steel sheet thickness) , then after heating the steel sheet to a temperature of at least 750 
°C and cooing the same, further heating the same to a temperature within a range of from 700 to 850 °C, and in 
the middte of subsequent coding, subjecting the steel sheet to hot-dip galvanizing, or further to a gatanneaing 
treatment alter hoNip galvanizing. 

(7) A manufacturing method of a high strength thin steel sheet excellent in workabttty and gafvanizabMy accordtog 
to (5) or (6) above, wherein toe coating weight of a hot-olp galvanizing layer, as represented by the coating weight 
per side of the steel sheet is within a range of trom 20 to 120 gmr 2 . 

(8) A manufacturing method of a high strength thin steei sheet excellent in workabiity and p^rvanizabitty accordtog 
to any one of (5) to (7) above, wherein the coating weipjrt of a gaVanneated steel sheet after prescribed galvan- 
neaing heating treatment as represented by the coating weigN per sicte of the steel sheet is 
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(9) A manufacturing method of a high strength thin steel sheet excellent in workability and galvanizability according 
to any one of (3) to (8) above, wherein the slab further contains one or more selected from the group consisting of 
up to 1.0 wt% Nb. up to 1.0 wt% Ti and up to 1.0 wt% V. 

(10) A manufacturing method of a high strength thin steel sheet excellent in workability and gahranizabrtty accord- 
ing to any one of (3) to (8) above, wherein the slab further contains one or mor selected from the group consisting 
of from 0.001 to 1.0 wi% Nb. from 0.001 to 1.0 wt% Ti and from 0.001 to 1.0 wi% V. 

(1 A manufacturing method of a high strength hot-dip galvanized steel sheet excellent in workabiity and coating 
adhesion accordtog to (3) above, compri si ng the steps of, alter coring the steel sheet at a temperature of up to 
750*0, picMng the same, healing the steel sheet to a temperature of at least 750°C. or preferably, within a range 
of from 750°C to 1 ,000-C, or more preferably, from 800*0 to 1 ,000°C in an annealing furnace, removing the con- 
cemrated layer of steel consttuerts on the steel sheet surface by 

heating-refection under reducing condHtons of P-based oxides remaining as picking residues on the steel sheet 
surface, and subjecting the steel sheet to toNfe gtfvanizing. 

(12) A manufacturing method of a high sfrength hot-dp galvanized steel sheet excellent in worfcrtiity and coating 
adhesion aceoKing to (3) above, cornpris^ 

•C, picking the same, them alter cold^oKrig toe sama heating the steels 

or preferably. within a range of from 750°C to 1 , 000°C, or more preferably, from 800*0 to 1 , 000*0 to an ameeing 
furnace, cooing the same, removing the concentrated tayer of steel c^^ 
Bng the same, then, conducting rieating^ 

Bng residues on the steel sheet surface, and subjecting the steel sheets 

* manuteturing method of a high sfrength hot-dp galvanized steel sheet excellent in workabiity and coaling 
adhesion according to (3) above, comprising the steps of, alter coiing the steel sheet at a temperature of up to 
750*0, picMing the same, then heating the steel sheet to a ternperature of at least 7SD*C. or preferably. within a 
range of from 750*C to 1.000*0. or more preferably, from 800*0 to 1,000*0 in anneaing furnace. <x>cJtoflt*e 
same, removing the concentrated layers 

bertaesguc^^ 

iectmothe steel sheet to hoTqftjSKwffin^" ~~ """ ' 

(14) A manufacturing rm^ 

adhesion accordtog to (3) above, comprising the steps of, after cottng the steel sheet at a temperature of up to 

790*C picfring the same, then coftd*o*ng the steel sheet, healing toe sra 

preferably* wfthto a range of from 75^ 

noce. then after cooing toe same, removing the concentrated 

though picking, heating-reducing the steel sheet un^ 

within a range of from - 50*C to 0*C and a hydrogen concerrtraion m 

to 1 00 vd.%. and then, subjecting the steel sheet to hot^garvwizing. 

(15) A manulacturing method of a high strength hoVdj) galvanized steel sheet excellent in workabiity and coaling 
adhesion accordtog to (3) above, conpristog the steps of. after ceii^ 

^piddtog the same, then heating the steel sheet to^ 

of from 750*0 to 1,000*0. or more preferably, from 800*0 to 1,000*0 in m nrmoatog furnace, then alter cooing 
toe same, removing the concenfcatod teyer of steel constituents on the steel sheet surface through pieMtog, then 
heairig-teducing toe steel sheets 

totowtog equation (1) relative to the P content to steel: Pr>t%). and then subjecting 1^ 
v o n iztog: 

0.9* {[P("t%>+{2/3)] x 1 100 } / {t t CQ } s 1.1 (1) 

(16) A manufacturing method of a high sfrength hot-dj> galvanized steel sheet exceHent in workabiity and coating 
adhesion accordtog to (3) above, comprising the steps of. alter coiing the steel sheet at a temperature of up to 
750*Q picking the same, then cold-ro^ the steel sheet heating the same to a ten^ 

preferably, withm a range of from 750^ 
nace. then after cooling the same, removing 

through picking, then heating^educing toe steel sheet under c o nditions in which the healing-reduction tempenv 
tore: t t (°C) satisfies the toftowing equation (1) relative to the P content in steel: P (wt%), and then subjecting the 
steel sheet to hot-dp g^rvanizing: 


0.9* {[P(wt%>*{2/3)1 x IIOO}/*!, CQ} s 1.1 
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0^) * manufacturing method of a high strength hot-dp galvanized steel sheet excellent in workability and coating 
adhesion according to (3) above; compri si ng the steps of, after coiing the steel sheet at a temperature of up to 
750*C, pk*ing the same, then heating the steel sheet to a temperatur of at least 750*C, or preferably, within a 
range of from 750°C to 1.0WC, or more preferably, from BuTTC to 1 ,rw 

ing the same, removing the concen trate d layer of steel constituents on the steel sheet surface through pickling, 
thenheating^eouctogtte atmosphere gas wittin a range 

(rt frOT -90 X too X, a hydrogen 
tteheeting-ri*Aiction 

(wt%), and subjecting the steel sheet to hot<ip gatvariadhg: 

0.93 flP(wt%>*<2/3)] x 1100}/^ CC)} * 1.1 (1) 

(18) A nrianufacturing method of a high strength hot-dp galvanized steel sheet excellent in workability and coating 
adhesion accoidtog to (3) above, comprising the steps <*. after coiing the steel sheet at a temperature of up to 

preferatofr wattnaranre 

nace. then after cooing the same, remov^ 

through picking, toen heating-rettocing the steel sheet under conditions in which a dew point of the atmosphere 
gasw*hinarBng*cffrom-S0^ 

to 100 vot.% and the heating-reduction temperatore: t^ (°C) satisfying the foNowing equation (1) relative to the P 
content* steel: P(wL%). and subjecting the steel sheet to hot<%> galvanizing: 

0.95 0P(wt%H^3H x 11001/ft, CQ)} as 1.1 (1) 

(19) Arrcnufacturir^ 

adhesion acCTidkig to any one of (11) to (ia)d 

ture of at least 750*Q preferably within a range of from 750*C to 1.000*0. or more preferably, from 800*C to 
1.000*Q then after cooing the same, applying thereto a picking me 
BheetinapickirigiQiMdhBv^ 
wihin a range of from 1 to 20 seconds. 

(20) A manufacturing method cf a high sfrength hot-dp galvanized steel sheet excellent in workabiiry and touting 
acfieUyi acceding to arw ore of (11) to (1^ 

c* at least 750^ crpreteraMywHhto^ °C, or more preferably* from 800*C to 1,000 

^ in an annealing furnace, wheren 
concentration within a range oftrom 1 to10wt%. 

(21) A manufacturing method of a high strength hot-dp galvanized steel sheet eNcetient in workabiity and coating 
adhesion accoidtog to (3) above, comprising the steps of, after coiing the steel sheet at a temperature of up to 
750*0, picking the same, then heating the same at a heating temperature: T within a range of from 750*C to 
1,000*C and satisfying the Mowing equation (2) to an atrnos^ 

satisfying the tolcwwng equation (3) and a hydrogen conc e n tra ti o n within a range of from 1 to 100 vot.%, and then 


0.85 s gp(wt%) + (2^)] * 1150)/|TCp)} s 1.15 (?) 

0.35 5 flP(wt%) + (2/3)] x (-30)}/{t CQ) * 1.8 (3) 

(22) A manufacturing method of a high strength hot-dp galvanized steel sheet excellent in workability and coating 
adhesion accorcSng to (3) above, comprising the steps of, after coiing the steel sheet at a temperature of up to 
7STC, picking the same, then artd-roling the same, then heating the same at a heating temperature: T within a 
range of from 750*C to 1,000*C and satisfying equation (2) to an atm^ 

phere gas satisfying the toltowing equation (3) and a hydrogen concei ikaliu i within a range of from 1 to 1 00 vol.%, 
and then subjecting the steel sheet to hoHip galvanizing: 

0.85 ss QP(wt%) ♦ (2*3)) x 1 1 50 } / {T (• C) ) s 1 . 1 5 (2) 

0.35 3 ffP(wt%) + (2/3)] x (-30) } / {t (° Q } s 1 . 8 (3) 

(£1) a marwactunng memoo or a rngn strength not-op gatvanzeu steei sneer excellent wi wonrnrwty ana coesng 
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adhesion accorting to any one of (1 1) to (22) above, wherein the stab further contains one or mor selected from 
thegrotpconsisiingof upto 1.0 wt% r^ up to 1 .0 wt% Ti and up to 1 .0 wt% V. 

(24) A nranufacturing method of a high strength hot^dp galvanized steel sheet excellent in worfcabifity and coating 
adhesion according to any one of (1 1) to (22) above, wherein the slab further contains one or more selected from 
the grotp con si st in g of from 0.001 to 1 .0 wt% Nb. from 0.001 to 1 .0 wt.% 71, and from 0.001 to 1 .0 wt% V. 
PS) A manufacturing method of a Ngh strength hot-dp galvanized steel sheet excellent in workabifty and coating 
adhesion accorting to any one off (1 1) to £4) above, wherein the coatir^ 
nized steel sheet as represented 

* mar^rfacturing method of a high strength hot-dip galvanized steel sheet excellent in workabifty and coating 
adhesion accorting to any one of (13). (14), (17). (18). (21) and (22) above, wherein, when the hycfrogen concen- 
trafcnoftheatmospfweg^ 

(27) A manufacturing method of a high strength hot-dp galvanized steel sheet excellent in workabifty and coaling 
adhesion according to (26) above, wherein the inert gas is nitrogen gas. 

(28) Arr*irUactohngrne 
sion. comprint* 

a high strength hoM^ galvanized steel she^ 
peawrnont. 

(^Arnanutectorin^ 

sion. comprising the steps of subjecting the hot-dp galvanized steel sheet according to any one of (11) to (27) 
above torther to a gatvanneaJing treatment, wherein the terrperature: tj, (*C) in the gah/ameaing treatment safe- 
ties the Mowing equation (4) relative to the P content in steel: P (wt%) and the Al content Al (wt%) in the beti 
upon the hot-dp garvanczmg: 

0.95 s [7 x { 100 x [Pfwt%H2^)] + 10x Al(wt%) }] / p 2 (• Q]* 1 05 *ft 
(30)Arrianufactonngmetho^ 

s«n accoidtog to (28) or (29) above, wherein the slab further conta^ 

»6ingc<Mpto1.0wt%Nbtupto1.0wt%Tiandupto1.0wt%V. 
p1)Armf»*>cturinqiTX*n^ 

sion accofdtog to (28) or (29) above, wliereto the slab torther contains m 

sitting of from 0.00 1 to 1 .0 wt% Nbt torn 0.001 to 1 .0 wt% H and from 0.001 to 1 .0 wt% V. 

(32) Arnan^actoringmethcdofahign 

ston accorrJng to any one of (28) to (31) above, wherein the coating weigm o^ 

^^^^ STaS^TSMl^SiiSr* * wittliri « «njo& of «nom 20 to -§20 as reaveaMniMi fay ooaviino weM^M 

(33) A hic^i strength gawanneated steel sheet exceient in workability, coating adhesion and corrosion resistance, 
obtained by hoKap gaKmzing a steel sheet containing 

gafcemaaing, wherein, in the gaMmneaing layer, the Fe confer^ 
Moconlemiswititoarangec4from0.0^ 

(34) A high strength gatanneatod steel sheet exceient in wortabftfty. coating adhesion and corrosion resistance, 
obtained by hoNJp gaMvizingasteel sheet containing u^ 

subjecting the steel sheet to gaMw^^ 

from 8 to 11 wt%> and the Mo content is wfthm a range oftom 0.002 to 0.11 wt%> 

(35) A high strength gofvannoakid steel sheet exceient in workab*ty, coating adhesion and corrosion resistance 
accorrJng to 03) or (34) above, wherein the steel sheet corrtaining up to 1 .TO 

within a range of from 0.01 to 1 .00 wt%. ore preferably, from 0.05 to 1 .00 wt%. 

(36) A high strength gaJvannealed steel sheet exceient in wcrtabflrty coaling adhesion and corrosion resistance 
accorting to any one of (33) to (35) above, wherein the substrate steel sheet serving as the steel sheet is a steel 
sheet CCTrpri si ng a chemical cc^ 

wt%P v upto0.05wi%S.upto0.10wt%Al.upto0.010wt%N.upto1.0 wt% O and the balance Fe and ind- 

(37) A high strength getvannealed steel sheet excellent in workability, coating adhesion and corrosion resistance 
accorting to any one of (33) to (38). wtierein the substrate steel sheet serving as the steel sheet further contains 
one or more selected from the group con sist in g of up to 1 .0 wt% Nb, up to 1.0 wt.% Ti and up to 1.0 wt% V. 

(38) A high strength g alvan n ea l e d steel sheet exceient in wortattfty coating adhesion and corrosion resistance 
accord*igtoarwonec4(33)to(^ 

tains one or more selected from the group consisting c**om 0.00 1 to 1.0 wt% 
from 0.001 to 1.0 wt%V 
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(39) A high strength garvam o a tod steel sheet excefterrt workabSty, coating adhesion and corrosion resistance 
according to any one of (33) to (38) above, wherein the coating weight of the garvartneaNng layer of the high 
strength gaftvanneeJed steel sheet is within a range of from 20 to 120 gfrn 2 as represented by a coating weight per 
side ct toe steel. 


Brief Description of Drawings 

10 Fig. 1 is a graph Mustrating the relationship between tensile strength (TS), yield ratio (YR) and TS x B value of a 
steel sheet on the one hand, and the {average th^ 
other hand; 

Fig. 2 fcuctratee a nriicrcphctograph (a) of a metel structure showing a typical band-shaped secondary phase struc- 
ture and a schematic view (b) of the metal structure; 
75 Fig.3aus*atesarricrophotogn^ 

ctispersed by the first run of heating* and a scherrofc view (b) of the metals 

Rg. 4 is a graph austroting tfte relationship between the Pcontertn 

peralure region wihin which nor>j)awonizod detects do not occur; 

Fig. 5 is a graph factoring the oplimim regions for to 
so gas during heelingH^ducbon in which non-gahraritzed detects do not occur; 

Fig. 6 is a graph Mijsfcatirva thereto 

ature region giving a satisfactory c oa li ng adhesion; 

Fig. 7 is a graph Hustating the relationship between the Iwoco^ 

corrosion; 

25 Fig. 8 is a graph ilustraling therein 

peralure region within which non-gawwized detects do not occur; and 
Rg. 9 is a graph frustrating the relationship between the Pco^ 
trie a tnric ^p r w e gas during ho ai r^ 

30 Best Mode tor Carrying Out tw fcrwention 

E0034] Rrst the resuMrjfeyerimentcan^ 
present invention w* be described. 

[0035] A sheet bar hawing a chemical compostton comprising 0.09 wt% C. 0.01 wt% Si, 2.0 wt% Mn, 0.009 wt% 
35 P, 0.003 wt% S. 0.041 wt% ml 0.0026 wt% N, 0. 15 wt% Mc% 0 02 wt% Cr. and the balance substantial* Fe, and hav- 
ing a thictaess of 30 mm was heated to 1.200 °Q rolled into a hot-roied steel sheet having a thickness of 2.5 mm 
through five passes. The rioHcM steel sheet was coM 

a range of from 750 to 90TTC for a minute (firstrunof healing), and thea cooled to the 
rate of 1fTC/& 

40 [0038] Then, the steel sheet was heated and be*d at 750~C tor a minute (second run of heating), cooled to SfXTC 
at a cooing rate of 10^ held tor » 

tor 20 seconds, cooled to t»e room temperature at a cooing rate of 10»Cfc. 

IP837] For the resuttant steel sheet, the relationship between TS, YR and TS x B value, cn the one hand, and the 
band structure tNckrwss on the ^ 
46 the other hand, was investigated. The result is shown in Fig. 1. 

[0038] The band structure thickness is expressed by T b /T (where, T b : 
nessdrecto 

[0039] T b is an average over values obtained by measurement of a! the band structures in the thickness rJrection 
in a image of 1.500 magi JiuuJun by means of an image analyzer. 
so [0840] Rg. 1 reveals that a T b / T of up to 0.005 in the steel sheet after the first run of heating leads to a low yield 
ratio and a satisfactory TS x B value. 
[0041] Morespedficaiy,whenMnisaddedinalar^ 

present invention, a band structure rich in C and Mn. comprising mainfy the secondary phase compo se d of cementite, 
pearlte and baMe tends to easily grow 
as [0042] in such a case, i is possfcte to simultaneous^ 

rying out the first run of heatirtg at a rjresoted temperature m 

conducting heating on a continuous hoNtp galvanizing fine (CGL) (second run of heating), which reduces the band 
structure thickness, through fine rJspersion of band structures. Even when the band structures are rJesoived during 



s 


8 


\ 


EP 1 041 167 A1 


heating on the continuous hot-dip gaNoncong line and held in the galvanizing process or even during galvanneaing 

treatment, martenstte grains are appropriately dispersed in the ferrite substrate. 
* [0043] iris is a phenomenon which may take piace when the steel sheet is heated at a high temperature on the 
, continuous hofrdfr galvanizing ina Even with a single run of healing on the continuous hot-dp galvanizing line, there 

s te no charye in m aterial quality. 

[0044] Homaw.ahitfrtemperatur heating may cause deterioration of gah^anizability because of the tendency of 

ton concenlrated on tie steel sheet surface. In order to achieve a more stable gafcanizabifty, therefore, rt is desirable 

to conduct a first run of heeling on the continuous ameaing fine, and 

ing on the continuous hoNip gafvarizing ine. 
10 [0045} This dfepersion effect of the band structures broiightabo^ 

parison of microphotographs lustrated in Figs. 2 mi 3. 

100461 Rg. 2(a) frustrates a metal structure before the first run of heating, and Rg. 2(b) is a schematic view of Rg. 

m 

10047] Rg. 3(a) iustrates a metal structure after the first run of heating, and Rg. 3(b) is a schematic view of Fig. 

[0048] fo Rgs. 2(b) and 3(b), a& represents band structures comprising a secondary phase mainly consisting of 
cfttnonitB.pear^ 

[D049] h tie structure before the first run of heating sh^ 

In the structure after the first runcf heating shown in Rg. 3. in contrast dispersion of band structues is attempted, and 
20 the valu e of T b /T decreases to 0.0016 on the average. 
[0060] The presort invention for forthv 
10061] AsaresutttfstudNKonthecorrposrt 

ing condttons necessary tor pr e v enti n g norvga*vamzed defects and improving workability and coaling adhesion, the 
present inventors obtaM 

26 

(1) Two-stage h e a l i n g-picking process 


10052] A high sfcengfthoHJfr galvanized steel sheet permitting 

in costing adhesion and corrosion resistance is avaiiabfe by heating a steel sheet having a prescribed chemical com- 
30 pos*ontoaterrperaturoofatteest 

ing the steel sheet to remove a concentrated layer of steel consttuerts onto 
the steel sheet on a oonimMRS NM^ 
reduce temperatire and then subject 

[0063] The aforementioned method of treatment prior to hot-rip galvanising (iieating in armooing furnace -» pick- 
35 wnQ — > neaw i g- feou ca onj s nereraner cawe o me two-stage neaang-pcMng process. 

10064) MarestJtof forther stuJes> awoiabaty wastour^ 
4p singl e-sta ge heating by heeling a steel sheet having a prescribed chemical composition at an appropriate heating tern- 
peffnure w\ a nyorogen-consanng gas newng an appropnaie oew pewit, ano vien supjecang vie steei sneei to noi-op 

(MSB] The aforementioned heating method prior to hot-dp galvanizing (; hoahng -reduct i on) wM hereinafter be 

45 

(3) Qalvanneefng process 

[0066] /*a***ty was found of a Ngh strength galvannealed steel sheet excellent bolh in coating adhesion and 
corrosion resistance after galvanneaing by anneaing the hoHfp galvanized steel sheet obtained in (1) and (2) above 
so preferably under condttons satisfying a prescribed galvanneaing temperature requirement 
[0067] Eyerimerte forming the basis tor the presort invention 

[Two i tags heating-picking process] 

55 

[0068] A sheet bar having a chemical composition comprising 0.09 wt% C, 0.0 1 wt% Si, 2.0 wt% Mn, from 0.005 
to 0.1 wi% P, 0.003 wt% 0.041 wi% Al v 0.0026 wt% N, 0.15 wt% Mo, 0.02 wt% Cr and the balance substantia* 
Fe, and having a thickness of 30 mm was heated to 1 r 200**C, and rolled into a hot-roied steel sheet having a thickness 
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of 2.5 mm through five passes. 

[0069] The resultant hot-roled steel sheet was treated in the sequence of th following (1) to (10): 

(1) : heat treat at 540*C tor 30 minutes, and subjected to a treatrr^ corresponding to 

(2) : pickled for 40 seconds in a 5 wt% Ha solution having a liquid ternperature of 80 °C; 

(3) : held at 800°C (steel sheet temperature) for a minute in a reducing atmosphere containing hydrogen in an 
annealing furnace; 

(4) : cooled to the room temperature at a cooting rate of 10°C/s; 

(5) : pickled tor 10 seconds in a 5 wt% HO solution rwving a liquid temperature of 60°C; 

(6) :hettfor20secorio*at6ato95rr^ containing hydrogen; 

(7) :corjledto480^a*acoolngrateof 10*Cfc; 

(8) : SLfcjected to hot-dp garvanizing by dipping tor a second into a hot-dp galvanizing bath containing 0.15 wL% Al 
and having a bath temperature of 480°C; 

(9£jhe coating we&* of the galvanized steei sheet puled tp fr^ 
gfrrr through gas wiping; 

(10): vwiwdtaMy after heating-reduction under conditions inducing ^ concentration of 7 vol.%, a dew point 
(:rifr)cf-25^ and a steel sheet terrp 

condHtons* and the resultant hoHSp galvanized steel sheet is subjected to a gatamealing treatment at 450 to 
600-C. 

P»60] Then, properties of the resultant sted sheet were eveJuatedwtt 

tana. 

[GaMrizabtty) 

!22) ^^^^f *** ****** P** 0 "™* (noHfr gaJ^anized steel sheet not as yet galvan- 

O Nor^gatanized delects cornpletery non-existent (good galvanizabwty); 
X: Norngalvaneed defects occurred. 

[Coabng adhesion] 

[0062] The galvanized steel sheet was bent to 90° and s^ 
side was peeled off with a c**>phar» tape, and 
adhenng to the ceiophane tape. 

(Grtwrtzad steel sheet riotasyetg a *» arw » e a Je d) 

RW3] 

O : No peeling of the gatariizing layer (good coating adhesion) 

X: The galvanizing layer was peeled off (defective t oating adhesion 

(GaJvannealed steel sheet) 

[0064] 

O : Smal amount of peeled galvanizing layer (good coating adhesion) 
X: Large amount of pooled galvanizing layer (poor coating adhesion) 

[Exterior view after gafvanneaingj 

[00S5] The exterior view after gaivanneaJng was visuaiy evaluated. 

O - Uniform exterior view wihuut unovonnocs of gatvarmeaing 
X; Unevenness of gatvanrteaing occurs 


10 


EP1041 167 A1 


[0066] Figs. 4 and 5 Mustrate the result of evaluation of gaJvanizabiity of the hot-dp gatvanued steel sheet, and 
Rg.6 ilustrates the result of evaluation of coating adhesion of the gatvannealed steel sheet 

[0067] In older to ensure a good galvanizabifity. as shown in Figs. 4 and 5. it is necessary to provide condition s 
under which P-based oxides are thermodynamfcaly reduced, determined from the dew point of the atmosphere gas, 
hvdrogen concentration and the steel sheet heating temperature during heeiing-reduction upon applying hot-dp gafva- 
nizing. 

[0068] lnFig.4.theheating<eAict^ 

ing heat^educoon: ^ (°C) is ©pressed by the toaowing equation (1): 

0.9* 0P(wt%) + (2/3)] x 1100} / {t , CO } s 1.1 (1) 

jP069] fo the equation (1 ), P (wt%) represents the P content in steel. 
[0070] Fiirtrier.whengaharmeair^ 

sion, the necessty was rovoatod to satisfy an o^anneaing ternperature (steel sheet terrperature) requirement wrtrwi 
the scope of the invention shown in Fig. 6. 
S0071] fcifia6,thegalvameaingtarrper^ 
©pressed by the toaowing equation (4): 

0.95 S [7 x {100 x [P (wt%) + (2fc)] + 10 x Al(wt.%)} ] yp 2 (»Q]2i 1.05 (4) 

BM??] fotheabove equtfon(4), P (wt%) represent the P content in steel, and Al (wt%) represents tie Al content 
in the bath during hot-dp gatvarwzing. 
(00731 Morefpeciica»y,acc©i^ 
a steeJ sheet centering rrurjh 

ufecture a high length hc+dp gawanized steel sheet without 
the sleel sheet in an anneaing furnace causing 
acMnonthesteelsrieetstJrlM^re^^ 

priateatonuspliers gas conrJticwisdelemTiried from the dew rxaint of t>e atmotphere gas, the hydrogen concentration 
and the steel sheet ternperature, in wffch Phased eweto are thern^ 
the steel sheet to hofrdp g aw ania n a . 

sfrenpjh gaNanneaie d steel sheet cceient in coating 
Ireatmert at an appropriate 
dp galvanizing. 

BW75] Rjrther, trie present irwe^ 

having toe same chemical c^^ 

thewro-stagerteating^^ 

anMocor^of0.01wt%intoegaKaniz^ 

the same chemical corrposition at above except!* 

after goivonnooing. and an Iwo content of 0 wt% in the galvanizing layer. 

10076] Fig. 7 iftustrates toe rest* of an SST test (salt spray test) carried out on the resultant gatvarviealed steel 
[0077] Assro^inRg. 7,toegatvorwx)a*od 

a largely improved corrosion resistance as compared wflh the gawanneeJed steel sheet not containing Ma 
[Single-stage heat treatment] 

[0078] The present inv e ntor s carried out further experiments similar to the above with a view to smpitying the 
aforementioned two-stage healing freatments and the process comprising picking performed between the these heat* 
ing treatments. 

[00791 tea result they tourid toe rjossfciRy to 

■» oarvanaaoMty ana coasng aonesion wvougn stngpe stage neasng wnnout conoucsng ptcvwng on wie nct-op pjawa 
raring line, irrespectwe of the pre sen ce of added Mo, by hot-roMng a steel slab ha vin g a prescribed ch ura ca l composi- 
tion, picldtog the same, then wfch or without cold rottng, heating the steal sheet in an anneaing furnace in an 
atmosphere gas in which toe healing ternperature: T within a range of from 750*0 to 1,000 *C s a ti s f i e s the fbiowaig 
equation (2) and the dew point of the atmosphere gas: t satisfies the following equation (3), with a riydrogen concentra- 
tion wrthin a range ot from 1 to 100 voi.%: 
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0.85 a flP(wt%) + (2/3)] x 1150 }/{T(°C)} s 1.15 (2) 
0.35 ss {[P(wt.%) + (2/3)] x (-30)) /{t (°C) } s 1.8 (3) 

s [0080] RgG. 8 and 9 Okjeirate the resuH erf evaluation o* gaJvantzabtfty o* a hot-dip galvanized eteet sheet in a case 
where a cok^foied steel sheet made from a steel substrate not added with Mo was cok^rolled, heated in an Hg-Ng 
atmoephere on a hot^p galvanizing ine, without conducting annealing and picWing, and the resultant steel sheet was 
subjected to hoKfp galvanizing. 

[0081] AeshowninRgE. 8and9. i is possWe to manufecture a Ngh strer^ 
w tertkigatarozab^andcoa*^ 

vaneing ine, irrespective ol the presence of added Mo, by healing the steel sheet under condttons, of a hydrogen- 

containing gas in which the heating tenrperature: T and 

ceding process of hot-dip galvanizing. 

(0082] iriRg.&lh# healing terrpe^ 
is rming prior to hoH%>gBh«ni£^ 

E0083] **wnP(wt%):so.072wt%: 

0.85 * 0P(wt%) + (2/3)] x 1150}/{TCC) } 

50 and.75D°CsTCC). 

[OOM] When 0.072 wt% ss P(wt%) S0.083 wt%: 

750 °C *T(°C) s 1000 °C. 

as [0085] When 0.063 wt% 3S P(wt%) £ 0. 10 wt%: 

flP(wt%) + (2fc)) x 1150 }/ {T(*0 } 3 1.15 

and. 1000 *C TpC). 
3? [0086] hRg.9,thed»portt(^iJftheatr^^ 
hct^g nMrtung iKwlhtotn^ 

0.35 3 flPrwt%) + (2A3)] x (-30) }/« D C) } =5 1.8. 

» [00871 The reasons ol irritations ol I. the chemical cornposftion of the steel substrate, and IL manuteluring condi- 
tions in the present invention wil now be described 

I. Chemical composition of steel substrate 

40 C: 0.01 to 0.20 wt% 

{00881 CfcowoffteiFnpcrtei*^ ^ 
because of its eltert on volurrm ration 
ate after coosng. Mech ar i cal properties such as 
4)5 rwssofma rt sn site i^B sa WWhaCci^ 

of over 0.20 wt%> there is deterioration of spot weWabtfty. The C content should therefore be within a range of from 
0.01 to 0.20 wt%» or preferably, from 0.03 to 0.15 wt.%. 

Si: up to 1.0 wi% 

50 

[0089] Si is an element causing imprcvern^ 

the a-phasa A content of Si of over 1.0 wi% however impairs spot wektabttty and galvanizabifety. The upper limit 
should therefore be 1 .0 wt%, The Si content should more preferably be up to 0.5 wt%. 

ss Mn:1.0to3.0wt% 

[00801 Mn has a function of accelerating rnartensrte transformation through concentrason in the rphase in the 
invention and is an important element as a basic constituent Addition of an amount under 1.0 wt% exerts no effect 
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An Mn content of over 3.0 wt%. on the other hand, seriously impairs spot wettability and galvanizabHity. The Mn con- 
tent should therefore be added within a range of from 1.0 to 3.0 wt.%, or preferabty, from 1.5 to 2.5 wt.%. 

P: upto0.10wt% 

[0091J P is effective tor obtaining a high strength steel sheet and is an inexpensive element A P content of ewer 
0.10 wt% seriously impairs spot wettattity The P contort for the 

In the invention, the P content in the steel substrate should preferably be within a range of from 0.005 to 0.05 wt.% 
S: up to 0.05 wt% 

[0032] S forms a factor causing hot cracks during hot rottng, and in addrtion. causes fracture in nugget at a spot 
weld. TTie amount of S should therefore be r^^ 

strate shouW be up to 0.05 wt% in the indention. The S content should preferably irr*ed to up to 0.0 10 wt% 
Al: up to 0.10 wt% 

10093] Al is a useMelemert servings 

ing in the form AIN. An Al content of over 0.10 wt.% however leads to an increase in manu^^ 
should therefore be irratod to up to 0.10 wt%. or preferably, to up to 0.050 wt%. 

N: up to 0.010 wt% 

[0094] N causes age hardening and leads to an increase in yield point (yield ratio) and occurrence of yield elonga- 
tion. The N content should therefore be irrited to up to 0.010 wt.%, or preferably, to up to 0.0050 wt%. 

Or: upto 1.0 wt% 

[0095] Lite Ifri and Mo> Oris an elemer* 
lent of over 1.0 wt% however in»^ 
preferably, to up to 0.5 wt% 

Ma 0.001 to 1.00 wt% 

[0096] UkeMaMotsanelementerffect!^ 
without impairing gafvarazabttty. 

[0087] According to the invention, furthermore, the Mo-added steel sheet showed a better redudbiity of P-baeed 

pickling residues (P-basedooe^ 

pared wan tub tna sneet not conlairtng added Mo. 

[00981 An a cc urate cause of tois effect is not as vet known It is how eve r conjectured thai Mo in c orponnho Pterins 

^^P^P^P*^*^ w w W WnMWVfW ^PPHVHP^r H*PHP V^Pl^vH} HP W *W HHP ■ W HP Pt^VOT P* Pa HP W IVVrVfvi HWHW ^P«P PHn PPH»T H 1 IWVpMlfWW PaP V H)P* ■•HP 

annwilam pm! ■■ iia ■I pWi * — mi m\ n —i mula ■§ ■■■■■■ ■ pW»mw. * ■ afci ■ ■ * * r% Im^ji jfc, * , a ■■ ■ A i nl* ■ ■ m — * ■ D 
conoenseo aoo, md is reorpofatoa n some form or owier mho r-oaseo oooes, and ins promotes reducaon of wie r- 

based DtddMio resi d u e s because this reduces the oorvoen po te ntial sensed bv the dissolved residues Mm retuMnn in 

in^provement of touting adhesion. 

10099] Mien using a substato steel sheet containing added Mov the resultant steel sheet tends to have an 
improved corrosion resistance. Mo is an dement hardly cwdteable than Fe, and tight drffusion and add-on of Mo into 
the galvarizing layer is considered to 

ing the aforementioned effects, the Mo content in the substrate steel sheet should be at least 0.001 wt % However, 
since addftion in an amount of over 1. 00 wt% resuHs in a corwicteraWe increase in the m 
tent is spectfiedtobe upto 1.00 wt%. to the irwerton, the Mo con^ 

within a range of from 0.01 to 1.00 wt%, or more preferably, from 0.05 to 1.00 wt% The most desirable Mo content in 
the substate steel sheet in the invention is wrthin a range of from 0.05 to 0.5 wt%. 

Ti: 0.001 to 1.0 wtX Nb: 0.001 to 1.0 wt%, V: 0.001 to 1.0 wt% 

[0100] Ti, Nb and V form carbides* and are elements effective for converting steel into a high strength steel. Each 
of these elements should pr eferab ly be added in an amount of at least 0.001 wt.%. Addrtion of these elements in an 
amount of over 1.0 wt% however leads to disadvantage in cost, increases yield point (yield ratio), and reduces worka- 
bility. When adrJng these elements, therefore, these elements are added each in an amount within a range of from 
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0.001 to 1 .0 wt%. The total amount of these element should preferably be withM 
N. Manufacturing conditions: 

[0101] Manufacturing conditions lor 11-1 : a nig* strength thin steel sheet of which the bend structure thickness is 
specified; II-2: Twcnstage heattog/picking process; IK3: single-stage healing treatment process; and IM: Hot-dp q^- 
vanizirjgandgafcannealir^^ 

11-1 : Manufacturing condvfconc of high strength thin steel sheet of which the band structure thickness is spedfied 

[0102] * the present invertion, a ste^ 

conventional method, and coied at a temperature of ip to 750°C. 

HMO! The reason of Irriting thecal CoiUig at a tenperatur e of over 

this level results in an mease in the scale thickness arid in a poorer pickir* 
sicterabtedHtererice in cooing ra^ 

and the feaifing end thereof, and the edge portion and center portion to to trans 

serious ftoctoaoons of to materia 
very low oolng temperature tends to essay cause deterioration of cold^^ 
the coiing tenperatore does not become lower than 300°C. 
[0101] The hoHoied steel obtained as described above ^ 

CTing through picking, heating 

— •* - - «». .. 
cooing me same. 

[0105] Accenting to the present invention. workabiity is improved by once heating, prior to galvanizing, the steel 
sheet to a temperas region of at least 

and lin concenfrated in the band sauctures, and alter cooing^ causing ton^ 
structure. 

[0106] More snecificaiy, when rnut*M^ 

rigcemenit^peorlte it is therefore necessary to previously exclude the adverse 

effect of this structure, 

10107] By setting the relationship between the average thictotess T b of to 
Tto(T b /T)s 0.005, reotairig to barid struck 

state, alter cooing, to appropriately dfcpetse to martensite phase in to territe base, and simultaneously achieve a 

high worfcatifty and a Ngh strength, even when to band structure is cissoJ^ 

dfrgstvanizingine.andhettintos^ 

[0106] The effect of dopenoon of to bond stnjcto 

in Rgs. 1 to 3 as described above. 

10108] Mtotor or riot canning oUpicftd^ar^ 

first run of heating has no influence on the effect of the invention. 

101101 men ozonizing to tout manufactured subsfrate tor galvanizing into a thin steel sheet a picMng treat- 
ment may be canted out prior to galvanizing alter the first run of heating. 

pill] This Picking is oppiod tor to purpose of toprovtog galvanizabiity to a more stabte level by removing to 
surface concentaated layer of Mn, Or and to fee produced atong with heating. 

10112] During to period between to first run of heating and to picking treatment, temper rating may be con- 
ducted with a view to improving threodobtty off the subsequent ine. 
[0113] Then, to steel sheet iG subjected to hot-dp galvanizing or eteciroo^tfvantzing. 

[0114] When carrying out hoHip galvanizing, to steel sheet is reheated to a temperature of at least 700»C (first 
or second run of heaing) on to hot<ip galvanizing ine (GL) prior to g^vvanizing. 

[01151 With a heating temperature prior to gaVanizing of up to 700 °C, the steel sheet surface is not reduced, tend- 
ing to easiy cause galvanizing detects, and desired structure and material quality are not avalabie. Heating should 
therefore be carried out at a temperature of at least 700°C. 
[0116] The rehee*ngtenperature prior to g^ 
[0117] in to invention hoHtp galvanizing may be totowed by to 
E0118J Bectro ga tv ama n g mayte 
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I V2r. Manufacturing conditions tor two-stage heating-picking Cheating in annealing furnace -> picking -> heating-reduc- 
tion -> hot-cfp galvanizing): 

[0119] In the invention, a steel slab comprising the above-mentioned chemical composition is hot-roWed by the con- 
ventional method and the resuftant hot-roted sheet in coiled at a tenperetur of up to 750°C. 
[01201 Thea the resultant hot-roied steel sheet is picWed to descaJe the steel sheet 
[0121] The thus obtained steel sheet may be olrectty subjected to the sub 
or may be subjected to annealing and galvanizing steps after coW roiling. 

[0122] That is, the substrate steel sheet of the galvanized steel sheet in the invention may be any of a hot-roiled 
steel sheet or a cotd-roied steel sheet 

[0123) The heating temperature during annealing of the steel sheet in an annealing furnace should be at least 
or preferably wilhin^ 

P12fl W*h a tenrperature of under 750»C. easiy axxfeable elements such as Mn generally contamed in a high 
strength steel sheet are contei dialed on the steel sheet surface in a sight amount, and therefore concentrated again 
immediately before galvanizing. 

[01251 a steel sh^fit containing nr^Mn as in t^ 

tures in tie substrate steel sheet cannot be cfcpersed, and galvanizing o^focts terri 
to cause sufft^ surface concentrate 

steel sheet by subjecting the steel sheet to anneeing at a temperature of at least 750°C. or preferably at least 800°C. 
[01261 With a heating temperature in the ameaJtog furnace of over 1,000°C, the steel comes off the a - 7 dual 
phase. Desired structure and material quality are therefore unevaifc^ 
nace should preferably be up to 1,000*C. 

[01271 Alter ameaing and subsequent cooing, the concentrated layer of the ste^ 
surface are removed through picking. 

[0120] The acid of the picking soUon in picMing is not limited to HG1, but H2SO4 and HNO3 are also appfccabte, 

and no particular imitaion is imposed m the land of acid 

10129] The picking soMfon upon picking ascribed above in ste^ 

haveapHofuptol.Wmen using hydros 

1 to10wt%. 

P^3P1^ When pH of the picMing solution is over 1, the removing effect of the surface concentrates by picking 

10131] mh an HCI co n ce nt ra ti on of under 1 wt%, the removing effect of the surface concentrate s by picking 
becomes insufficient An HO concentration of over 10 wt% is not appropriate because it causes steel sheet surface 
roughing by over-pickang. and leads to a large consumption of the acid. 

10132] The fcjuid temperature of the picking solution should preferably be within a range of from 40 to 90*C_ Wrth 
a temperature of unoW 40^ toe rem 

temperature of over 90*<X on the other hand, surface roughing occurs by over-picking. 
[0133] The io^ temperature of toe picking sri 
[013*] The pickanoperfod should preferably 

leads to an insufficient removing effect of concentrates on the steel sheet sunace 
onds is not appropriate because of occurrence of roughtog of toe steel sheet su^ 
fecturing pe ri o d , and a tower p ro d uca v fty . 

[0136] The picMrig period should preferably be wvthm a range of tam 5 to 

sheet having been s ubjected to the treatment in the above-mentioned steps is heating-reduced again to a reducing 
atmosphere in a healing tomace arranged on a continuous hot-dip galvanizing ins, and then subjected to hot-dp gat- 

vanUing. 

[0136] The oxide fim produced after picking on the steel sheet surface (pickling residues) contains Fe and hardy 
soluble P caused by P in steel. Occurrence of non-galvanized defects cannot therefore be p re v ente d unless this P- 

[01371 Because toe P-based oxide fim is caused by Pin steel, a larger P contem to steel leacte to a larger amount 
of produced P-based ooode fim 

10138] P-based coddes pro duc e d on the steel sheet surface include iron phosphate compounds, in general m ai nl y 
composed of pho sp hate ion (PO4*), hydrophosphate and dtoydrophosphate ton (HPO4 2 .HfePCV )• hydroocyt group 
(Off) and iron fen (Fe Fe and phosphorus oxides such as P2Q5 and P^Pta* 
{01391 Examples of the aforementioned iron phosphate oompounds include: 

[01401 Iron phosphate compounds: Fe ,M (P0 4 )-nH 2 0. Fe ,,, 2 <HP0 4 )3- nHjO. Fe '"(HgPO^ • nHgO, 
^3^4)2 • nHgO, Fe il (HP0 4 ) • nHgQ Fe^GV^^ ' *+*2P- Fe u, (HP04) (OH) - nHjA and F w 4 {(P04>(pH)>3 
(n: an integer of at least 0). 
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[0141] Ptiosphorus oxide and iron phosphate corrpounds are reduced under almost the same reducing conditions. 
[0142] In the invention, occurrence of non-gaNonized defects is prevented by triermodynanwcaMy accurately con- 
troling the reducing corctbone of P-based oxide fBm. 

[0143] More particularly, the prevent inventors investigated the heatmg^eduction temperature and the reducing 
atmosphere giving a satisfactory gatarezabflrty by using various steel sheets having different P contents in steel. 
[0144] As a resuft, possitfty was found to conduct operation under accurate galvanizing conditions whie prevent- 
ing occurrence of rxx>i>arvar*zed defects by reducing the P-besed oxide ttm under conditions for therrTxxJyromkal 
reliction of the PHC»sed oxide 
from a very high heiitincrreduction temperalura 
[0145] Further, accordtog to trx* re 

condttom whie reducing the P-based oxide fftm, preventing reconcentration of Mn on the surface caused by a high 

neetmg-reAjctxxitenpera 

peratore: t t CQ in hea**retfcxtiondu^ 

tent in steel: P(wt%): 

0.9* 0P(wt%) (B3fl x 1100 ) / ft t CQ) } a 1.1 (1) 
[0146] More sp«*icaft* to asterisk 

high, H is necessary to increase the heatmg^eduction temperature accordingly. 

[0147] However, when the content of easily coxfzabte elements in steel is high as in the case of an Nto content it 
steel of at least 1.0 wt%> and i the relationship between the 

P content in steel: P (wt%) satisfies the blowing equate (1-U are concen- 

trated again on the surface during heating reduction, thus causty 


flP(wL%) ♦ (2*)] x 1100 } / Rt t CQ) } < 0.9 (1-1) 

E0f4Q When the rotaaonchy between the healing temperature: ^ (»C) in heattog*educ*on and tie P content to 
steel: P (*t%)sa*tfte*t>etc*owing 
ing ft in^oasixe to prevent occu^ 

1.1< ffP(wt%) ♦ &SQ * 1100 } /{(t ) (1-2) 

[0149] to actual operation, occunenca^ 
atura is wfthto upper and tower imite 
[0150] Fortterieatirig-reduction 
trationbymeansofanBxngJim 

because the reduction reaction is a Miction of the atmosphere and the coaling time during heatingrreduction, ft is 
desirable in an actual operation that the dew point is stightiy lower, and the hydrogen concentration is stightiy higher 
than ranges thermodyrxvncaly required. 
[0151] Foe tm purpose, tor the a a i iuhj t» 

should preferably be within a range of from -6D*C to 0*C, and the hydrogen concentration, from 1 to 100 voi%» 
{01599 V Wmn the dew point of the atimsutiere gas during heatytg-feductio n is over 0*C ft is cPhcut to reduce the 
P-based oxide fifrn, requiring a longer period of time tor heati ng-red t jction. 

[0153] ft is indu ssi ai y cMrcult to achieve a dew point of the atnosphere of under - 50°C. The dew point should 

therefore be within a range of from -5u*C to 0°C. 

[0154] A hydrogen con ce ntration lower trxw 1 vot%ma^ 

ing a longer period of time for rteating^eo\x4ion. 

[0155] The hyoVogen conceixiatiuii of the atmusplKae gas during heatinp/-reduction conducted prior to hoHxp gal- 
vanizing should be within a range of from 1 to 100 vol.%. 

[0156] to the invention, as described above, occurrence of norvgaVanized defects is prevented by consoling the 
dew point and the hydrogen concentration of tie atrrocph*^ 

ture) upon heotiivj-reduction so as to permit reduction of the P-based oxide fim caused by the P content in steel wfth 
the reduong atmosphere, and when much easiy oxxfizable elements such as Mto an contained; inhftxtihg the amount 
of surface concentrates so as to avoid an excessive increase in the anneating temperature. 
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IJ-3: Manufacturing conditions tor singje-stage heating (:heating^eckjctjon hot-dp galvanizing) 

[0157] In the present invention, a steel stab comprising the aforementioned chemical composition is hot-rofled by 
the conventional method, and the resultant hot-roted steel sheet is coiled at a temperature of up to 750°C. 
10158] Then, the resuHant hot-coied steel sheet is pickled to eiminate scale. 
[0159] The steel sheet thus obtained is pickled 

the heating temperature: T is within a range ot from 750 to 1,000*C and satisfies the following equation (2), the dew 
point of the atmosphere gas: t safeties the foflowing equation (3) and the hydrogen concentration is within a range of 
from 1lo 100 vol.%, and then hot-dp galvanized: 

0.85 s§ 0P(wt%) + (2/3)] x 1150 } /{T (°C) } S 1.15 (2) 

0.35 5 0P(wt%) + e2fc)] x (r30)}/{t(°C)} S 1.8 (3) 

BH60] Wfth an anneaing temperature of under 750*0, C and M concentrated in band-shaped secondary phase 

(mairilycorrprisingoe^ 

pereed,resuijnginoccuTOnceotnon-goMin^ 

10161) When the heating temperature is over l.ttXTC, at which the steel comes off the a - y dual phase region, 
desired structure and material quality are unavailable 

[0162] Along with the increase in the P content in steel, it is necessary to increase the hee*ng temperature as in 

theatove-menfenrt 

[0183] rVP*asedpicWtog residue 

cn the steel sheet surface upon scater*^^ 

gatamfeabit* to completely reduce the residues* and 

[016^ Tr» amour* otproAicedP-besedc^ 

j** 16 ^ Atongw^theinaeoseirithePcontent instep 

mentioned equation (2). 

[0166] A Ngher h o ei ng tenyerature causes an 
atoying elements tor soW-toMon tardening of 
tore necessary to thermodynamic^ 
upon heeing. 

10167] The dew point of the aftrosphere ojb upon heeling * 
equation (3) along win the incree» to the P content in steel. 

jP* 68 ? fu rther, when the hydrogen concanfraeon in the atmosphere gas upon heeing is under 1 vol.%. the P- 
based oxides are hard to be therrnodynamicafy reduced, and this not desirable because it requires a longer period of 
heeing. 

[0168] The hydrogen Goncerrtiaiun in the atmosphere gas upon heeing should therefore be within a range of 1 to 
100 vol/* 

10170] It is possible to achieve satisfactory gatorcabiity and coating adhesion, irrespective of addtoon or not of 
Ma by heeing the steel sheet under condttons induotog a stricty 
rinnglne,we»t»<hee<^ 
to hot-dp gaMtnrring* 

[0171] Satisfactory galvarezabiity and coating adhesion can be maintained onry by simultaneously con»ottng the 

heating tenperature (steel sheet 

so as to sirrtAaneousry satisfy requ^^ 

tion crt surface concenliatiun of steel constituents as described abova 

[0172] Accordmg to the invention, therefore, it is possible to ensure satisiactory gaJvanizabikty and coating adhe- 
sion even without the armeafeng step before the hot^tip gatainizing ine. 

I M: Manufacturing conditions of hot-dp galvanizing and galvanneaing treatment 

[0173] to fie ins e rtio n , hol^ 

[0174] Tnehot^ipgahmzingbeihisapprop 
beJhterrperaejreshoutorjretera^ 

[01/9] The steel sheet temperature upon entering the bath should preferably be within a range of from 460 to 
sorrc. 

[0176] The coating weight of the hot-dp galvanized steel sheet should preferably be within a range of from 20 to 
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1 20 g/rn 2 as the weight per side of the steel sheet 

[0177] A coating weight of hot-dip aa*vanizing of under 20 g/m 2 leads to a decrease i n corrosion resistance. A coat- 
ing weight of over 120 grrn 2 results, on the other hand, in practical saturation of the corrosion resistance irnproving 
effect, and this is econorrtcalty cSsao\ertageous. 

[01781 The term the coaling weight per side of steel sheet means the coaling weight per unit area calculated by 
drviding the coaing weight of gafvantzing by the coating area. 

[0179] Thai is, in the case of ordinary two-side gatanizing. this term means the coating weight par unit area 
obtained by drviding the galvanizing coating weigM 
side galvanizing, means the coating weigtt per unit area o 
vancring area on the single side. 

[0180] The present inventors carried out extensive stucles on conditions for irrproving coating adhesion after gal- 
varwieaingupcfitrierttK^ 

gatvafTneahng ternperature: satisfies the following eatab^ 
lha bath Al center* Al(wt%) upon h^ 
ingact>esion caused by over^Qh w 

0.95 S [7 x {100 x [P(wt%) + (2*)] + 10 x Al(wt%)} ] fl 2 (°Q]s5 1.05 (4) 

[0181] biotfterwrjrd&tSincePins 

the galvamealing reacts 

the gaJMamaaJng tenpwature is increase. 

[0182] VM^alowPcortertinsteet.averyhig^ 

sion as a result of over-galvanneaing. 

[0183] Further, when the hot-dp galvanizing bath contains much Al, a large quantity of Fe-AI attoy layer ocovs 

irnmedatery after galvanizing, requir^ 

[0184] Vvnen tie Al contort in trie be* is^ 

ing unless galvanneaing terrperatro is rttirted. 

[0185] As deschbed above, in order to ensure a satisfactory coating adrxjsion, the garvanneaing treatment must 

be earned oU by ctetBtrfirir^ 

the both Al content upon hoN^aJminngriy (wt«). 

10186] * the invents the galv^^ 

perature: fe (•€) satisfies the felowing equriton M 

Al (wt%) upon hc*dp gaKermzwig: 

0.95 * [7x {100 x [P(wt%) + (2/3)] + 10 x Al(wt%»]4t 2 CQ]s 1.05 (4) 

[0187] Agarvameaingteri^ 

van no aa n g ca u ses Ctttanorabon of cooong adhesion. 

[7 x {100 x [P(wt%) + (2ft)] + 10x Al(wt%) J ] / p 2 (• C)] < 0.95 (4-1) 

[0188] A galv a n n eatng temperature: fe (*C) satisfying the toiowing equation (4-2) is not suitable since insufficient 
gaMmnealing causes tow-pa^ 
terms of productivity 

1.05 < [7x {100 x [P(wL%) + {2/3)] + 10x Al(wt.%) } ] /p 2 (*C)] (4-2) 

linwj Asoescnoea aoove. Tie gaivanneaiing treavnani m me invention is cnaractanzeo m mat an opomum coasng 
adhesion is ensured by contreffng the galvanneaing ternperature after hot-dp galvanizing in response to the P content 
in steel substrate and the bath Al content during hot-dp galvanizing. 

[0190] In an actual operation, a satisfactory coating adhesion can be maintained it the galvanneaing ternperature 

is will m i the upper and lower imfes of the above-inontioned optimum galvanneaing ternperature ±9%w 

10191] The amount of Fe dWUstonmto the galvanizing layer paging the gahw ahrwe 

must be withi n a range of from 8 to 11 wt% of the Fe content in the resultant galvanizing layer. 

[0192] An Fe content of under 8 wt% not onrycau6eso 

notation of the coefficient of friction resulting from insufficient galvanneaing. Wrth an Fe content of over 1 1 wt%, over- 
gaivanneaiing causes deterioration of coating adhesion. 

[0193] In the invention, the Fe content in the galvanizing layer after galvanneaing should preferably be wflNn a 
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range of from 9 to 10 wL%. 

[0194] Addition of Mo to the substrate steel sheet improves, on the other hand, coating adhesion. In adortion, cor- 
rosion resistance was found to be improved when the amount of Mo diffusion into the galvanizing layer during gafvan- 
neafeng of the hot-cfip galvanized steel sheet made from the substrate added with Mo satisfied the range of from 0.002 
s to 0.1 1 wt% as measured as the Mo content in trie resultant gaKarazing layer. 

[0195] The reason is that Mo is hard to be oxicSzed than Fe, and onry a slight cfffuston of Mo into the galvanizing 
layer or addrtion there of can bring about an in^rovement of corrosion resistance 

10196] fri the invention, the amount of Mo diffusion into the gafvanizing layer upon ga>vanneaJing, as represented 
by the Mo content in the resultant galvanizing layer should preferably be within a range of from 0.002 to 0. 1 1 wt.%. 
io [0197] \^anarr»urrtof Modfflustono wl% the corrosion resistance irrp^ 

Wlh an amount of over 0.1 1 wt%, on the other harid> torjrdertorrtajnto 

0.11 wt%, the Mo content in the substrate steel sheet must be over 1.0 wt.%, and this is ijrvJesrrable from economic 
considerations. 

[01981 Vine Phased oxioetlmte not » 
is fcsionoJMointotoegataizin^ 

10199] Complete reduction of the Phased Grade fim during rieating^eduction has an effect of irrprovtng coating 

adhesion to an Mo^ddedsteef sheet apart from this 

irto the gafvanizing layer b^ 

of improving crjrrosion resistance 
20 [0200] Accordtog to the invention, as described above, toe garvanneeJed steel sheet obtained by gatonneaJing a 

steef sheet containing up to 1 .00 wt% Mo after hot^rjp galvanizing having, in the gaivameaKng layer, an Fe content 
a range of from 8 to 11 

Nc^ strengto gaivanneQ^ 

[0901] Trteatoremantioned steel sheet containing up to 1.0* 
» from 0 .01 to 1 .00 wt%. or preferably, from 0.05 to 1 .00 wt%, or more preferably, from 0.05 to 0.5 wt.%. 

[0202] In the invention, the coaMng weight of toe gofvonnoatod steel sheet should preferably be wflhin a range of 
*om20 to 120 gf m 2 as represented by the coating weight pw 

paoq A coating weight of the gaMinnrjoJrjd steel sheet of under 20 g/ m^jeads to a decrease in crjrrosion resist- 
ance. A coating weight of over 120 gf m 2 resuas, on the other hand, in practical saturation of the axTosion resistance 
a? ingrowing effect and is rot therefore econrjrrwaL 

[0004] The layer of the alomnentioned coating weight r^ 

sott*einana*aiK»ntain^ 

tore rjossibte to measure the (»atw^ 

& Examples 

[0205] The present invention wii now be described in detail by means of exarnptes- 
[Exampie 1] (Examples 1-20, corrparative Examples 1-12) 

40 

[Dispersion of band stoictores in steel sheet) 

[0206] A continuously cast sfeb having a che andathicfc- 
ness of 300 mm was heated to 1,200*Q roughly roiedtirrjugh two passes 

[0807] After piciding. the hot-roltedste^ 

17, 19, 20. 27. 28 and 29. and heated after cold rofting to atriickness of 1.0 mm tor Bqperimente Nos. 2-8, 10, 13-16. 
18, 21-26 and 30-32, on a continuous armeaing ine (first run of heating). On a continuous hot-dip galvanizing line, the 
steel sheet was pic«ed,r^ 
so a gahanneaing treatment. 

»WJ] rwsorneofthelendsofst^ 
arwieairigine to subjected to elort^ 

[0208] ManusxJuring conrJtions in the indrvidual cases are shown in Tables 2 and 3. 

[0210] Using the thus obtained steel sheets as samples, mechanical properties, garvanizabSty. gatanmafcw 
ss treatabiity and spot welc^lty wereinvesigated. 
[0211] Therattooffhetoifi«iessT b rjftte 

T b / T, was measured through observation of steel sheet structures after healing (first run of heating) on the continuous 
armeafrtg line rjr the contirtx^ 


19 


EP1041 167A1 


[0212] The thickness of the bond structure T b was determined by measuring thickness of a* band structures coro- 
prising the secondary phase in the thickness direction of steel sheet on an image of 1 .500 magni fi c a tion by means of 
an image analyzer, and calculating in accordance with the following equation (5): 

Bond structure thickness: T b - !T w /n (5) 

where. 

Z T u : total of thickness of band stupes in the thickness & 

n: number of band structures in the thickr^dkeciion of steei sheet 

mtSl QaNafizab^p^kw^ 

[Galvanizatxfty] 

I02t4] Complete absence of nor>?afcartzed defects was marked "Exceienr, presence of sight rwr^galvanized 
ofetecte>lfeod\and&crto 

[Galvameaing^treatatottty] 

102133 Complete absence of gak^noeeing blurs was marked "ExceUenr. presence of slight gaMmeeing blurs. 
•Good-, and serious gafcanneaing blurs* To*)T, arri 

[SpotweUabttty] 

[0216J h compliance with the rnethod of JISZ3136. aterwte-sheari^ 
lower imit of tensie-sheerirMj strength of 6JW ^ 

mm. A sample showing a strength of at least the lower irrat strength was marked "ExoattenT and a sample having a 

strength of under the lower Ml -far. 

10217] Therestiisofmeasurerrier^afecor^ 

Vmn Tablet to3 suggest that Examples 1 to 20 have a low yield rafe^ 
posed tar g*fv an i i at)« % ojrfvarwiea^ 

[Example 2] (Examples 21-37, Comparative Examples 13-21) 

nwo-stage hoating-pickfingj 

[021?) A 300 mm*hk* continuously cast slab having a cherr^ co^ 

DD, F«i K-N, R0Q was healed to 1 ,200*C W roughly rated through three passes, and roied on a 7-stand finishing mfl 
into a h ot-rotted steel sheet having a thkimess of 2.3 mm. 

10220] The hot-roied steel sheet was then coied at a ternperature (CT) shown in tables 4 and 5. 
102211 After picMmatoeresutant steel sheet was passed through a coniruous 

state for Experiments Not. 33. 43-491 and 52-64. and tor Experiments Nob. 3+42. 50. 51 and 55-50. the sheet was 

cokM*edintoathickne^ 

perature shown in Tables 4 and 5. 

[0222] Subsequent^ the roied steel sheete 

op galvanizing ine. and subjected to picking 

23 and 25-37, Comparative Examples 13-21). 

[02231 In Example 24. a g^varaieaJing treatment was not applied. In compliance with the methods of evaluation 
and evaluation criteria described later, properties* the resuttam 

[02241 Manufacturing axvttons other than those shown in Tables 4 and^Sar e rrierrtoned in ( 1 ) to (3) below. 
(1) Picking cm continuous 

[0225] Experiments on picking on thecontououshoHfe 
under the following condttons: io^ temperature:*^ 
»*jid temperature: 6fTC.H^^ 
wide. Effect of improving g/^^ 


20 


EF1041 167 A1 


(2) Healing-reduction on continuous hot-dp g^venizing ine: 

[0226] Heating-reduction on the continuous hot-dip gatvanizing line shewn in Table 4 and 5 was carried out in a IV 
Ne gas atmosphere having co ncentr ati on shown in Tables 4 and 5. 

(3) OKting weight erf 

E02Z7] For Example 24 n which rwp^ 
was 40 pAn 2 tor the boti sides of the steel sheet 

[0228] The coating weight tor garvarvteaing was wANn a range of from 30 to 60 g/ rr^ 
sheet (Examples 21-23, 2M7. and Comparative Examples 13-21). 

[0229] Then, for the rxxnxp garvanized steel sheets thus obtained, gaJvanizability, coating adhesion, exterior view 

after galvanrteafng, degree of gatvameaJing, corrosion resistance, workability and spot weMabifty of galvannealed 

steel sheet were ev n hi ntod In accor d a nce wHh the totowin g methods of evaluation and the criteria for evaluation 

[0230] The results of evaluation are shown in lable 6 and 7. 

[0231] Reduction or not of P-bosed oddes in "Babies 4 and 5 was Hrip^ 

ESCA(rjhctoelectra 

oxygen are clearly recognizable. 

[0232] The abovenmertior^edP compound 

phate compounds mainly comprising phosphate Ion (PO^ hydrophosphate ion, dihydrophosphate ion (HPO4 2 - 
.H^P0 4 - ), hydroxy! group (Off) and iron ion (Fe *\ Fe 2+ ): 

[02391 Iron phosphate compounds: Fe^POJ-nHfeOi Fe^HTO^-nHgO, Fe "'(HzPO^ • nHfeO, 
F^aCPO^ • r+feO. fVfHPO*) • nHzO, Fe^t^^PO^ * nHzQ Fe^HPO^ (OH) • nHgO, and Fe B, 4 {(PO^OHJfe -nHzO 
(n: an integer of at least 0). 

10234] ESCA was measured ty the common method Paying 
considered to combm witt Qcomjx^^ 

plee of actual measurement in cxd^ table of spec^ 
H from the peak posiion base as compared wih tie 
ties the relationship H a 3NL 

[Gttvarxzabtfty] 

[0238] The exterior view of the galvanized steel sheet after hot-dip galvanizing (hot-dp galvanized steel sheet not 
aswjtgalvarinealed)wasvisu^avrtuat^ 

O - NorxxrMialvanizedoxftoc^ 

X: Occurrence of non galvanized defects 

[0236] After bendmg art staigrtoriirig 

side was peeled o« with a cetophane tape, and coaling adhesion was evaluated from the amount of gatvmzing fim 
adhering to the cetophane tape. 

(Galvanized steel sheet not as yet galvanneated) 

[0237] 

O - No peeling of g^rvarizing layer (good coating adhesion) 
X: Peeling of galvanizing layer present (poor coating adhesion) 

(Oatv anhtod and ga MwmwtoJ steel sheet) 

[0238] 

O : Srnalamrju*ofpeeli^ 

X: Much peeling of galvanizing layer (rxxx coating adhesion) 
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[Exterior vie* after galvarmeaing] 

[0239] The exterior view after gatvanneaing was visually evaluated. 

O : UVvform exterior view free from gahmneeing bturs obtained 
X: Gatvanneaing blurs occur 

[Degree of gakarmeatihg. amount of Mo dHtaion] 

tOSMOJ The gafvartizing layer was cSssolv^ 

sototkxi or an acid solution, and by analyzing the resultant solution the Fe content and the Mo content in the galvan- 
neeJed layer were analyzed and measured. 

[vvoncafxetyj 

RttilJ Samples satisfying TS* 590 MPa, B * 30% were mated good , and othe» s poor. 

[OH2] Cc«T06ion resistance was evaluated frcni 

[0343] Preterm of Comxtonresistar^ 

steel sheet using a steel sheet not added with Mo as the sutetate. 

[SpotwetdeJbffty] 

J0B44] Direct spot waking was carried out unowaandfcra kN, current: 3.5 kA. 

an energizing time: Ts=25 eye.. Tup-3 eye. Tw-8 eye. Th-5 eye. T6»50 eye., and a spherical chip shape having a 
dtameter of DRa Samples which could be welded were marked eraient, 
marked poor. 

[02*5] As shown in Tables 6 and 7, the galvarmeJed steel sheets of Examples 21 to 23 and Erases 25 to 37 

manufactured by the manutoct^^ 

galvanizab^andhavenop<c^ 

biity, 

[0246] For the hot-dip gawanized steel sheet of Example 24 also, no norvgawarized defects occurred, with an 
c*ceiont galvangabwty, and there was no problem in coating adhesion, workriagty and spot wetdribiity. 
E0M7I m contrast the pa wa nn e aled s te el a h eete ofComparalive Samples 13 

dttons affe re n t f ro m toose of the irwenion in the h oa tin g -reductton temperature before hot-dip gatvartmng. the temper- 
ature during g j w e ^n e eJ ng alter hoHip g afv a j ia ng, the degreed 

These samples suffered fc o m occ u nen ce of non^ a iv ange d detects, or were poor in ga lv a n iz i n g quaWy or in wortabifcty. 
EOMQ Further, the gawameaJed steel sheet using a substrate steel sheet not containing added Mo (Comparative 
Exarnpte 14) was ha»d to reduce 

EDMS] HeganJng corro sio n resistance, the weight loss by corrosion is smaier in tie steel sheet containing Mo in 
the gatwizing layer than the steel sheets not containing Mo in the gafcwizing layer, or having only a contact of 
Mo (Conparative Examples 13 and 14), thus suggesting that cWusion, addition of Mo into the gafvantong layer brings 
about a corrosion inhibiting effect 

[Example 3] (Examples 38-46, Ckjmparative Example 22) 

[Sirigie-heeling treatment] 

{0250] >fcrious cold-roied steel sheets of efferent lands of steel were passed through the continuous hoHfp gah 
vonujng ine and subjected to heating-reducticn, hoVclp galvanizing, and galvarwioaing treatment in the same manner 
as in the aioremenboned Examples 21 to 23 and 25 to 37 except that anneaing before passing to the continuous hot- 
c%> galvanizing line arid pk^^ 
vanized steel sheete (not yet galvon not^ 

jected to evaluation in the same manner as in Examples 21 to 23 and 25 to 37. 

[0251] The manufacturing condtions are shewn in Table 8, and the result obtained, in Table 9. 
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[0252] The coating weight of the gahwK»!ing layer was 
steel sheet in al cases. 

[0253] As shown in Tables 8 and 9, it is now possible to prevent occurence of non-galvarized defects in the hot- 

olp galvanized steel sheet and to manufacture a gaivannealed steel sheet excetent in coating adhesion, exterior view 

after gafvmnealing and workabiity by iwig a beating temperature, a dew point and a hydrogen concentration of the 

atnweptere gas upon fieoting^reduction on the continuouB hot<fip galvanizing Ine (Examples 38-46). 

[0254] VV^entrieabove-mertior^ 

detects were produced (Cornparative Example 22). 

Industrial AppttcattMy 

[0255) Accorcfng to the present invention, as described above, it is now poeable to provide a high strength tNn 
g^ s neet tree from gat w jnizab g typ 

P256J Further, acccvdng to the invention, it is possfcte to provide a high strength hot<*> geNanized steel sheet 

and a high strenglh g*fcannealed steel sheet rjerrnitting rxevenoon of occurrence of nor^gafcoritzed detects, excellent 

in coating adhesion and in corrosion resistanca 

[02571 Maresi^iispossWetoreducewe^ 

tolargefycor«x^toirrprovemert 

galvanized steel sheet of the invention. 
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Claims 


1 . A high strength thin steel sheet exceient in workability and gakanizabi&ty having a composition compri s ing: 

C : from 0.01 to 020 wt.%. 

Si: up to 1.0 wL%. 

Mn:from1.0to&0wL%> 

P:upto0.10wt%, 

S:upto0.06wt%. 

Al:upto0.10wt%. 

Kip to 0.010 wt%> 

Cr:if>to1.0wt%» 

Mo: from 0.001 to 1.00 wt%, and 

the balan ce d and incktefiM 
saisfyiriQtherelBion T b /T s o.0W 
of steel sheet T: steel sheet thickness). 

2. A high strength thin 6teel sheet excellent in workabiRy and gafcanizability according to claim 1, wherein said high 
str e ngth thin steel sheet farther cortere 

Nb, from 0.001 to 1 .0 wt% U and from a 001 to 1 .0 wL% V. 

3. Anianufacturingmetn^ 

the steps olhot-roling a stab h 

C : from 0.01 to 020 wt%> 

S:ipto1.0wL%. 

Mh:from1.0toa0wt%. 

P:upto0.10wL%> 

S:i*>to0.05wt%, 

Ah up to 0.10 wt%, 

N:upto0.010wt%, 

Cr:ipto1.0wt%> 

Mo: from 0.00 1 to 1.00wt%> and 

the balance Fe and incidental impurities coSng toe hot-roied steel sheet at a temperature of up to 750fJ> and 

4w Ainanufacturingrrtetn^ 

the steps of hot-roUng a stab hawing a composiion comprising: 

C : torn OiOl to 020 wt%> 

SL»upto1.0wt%» 

Mn:trom1.0toa0wt%, 

P:upto0.10wL%, 

S:upto0.05wt%, 

At: up to 0.10 wt%. 

N:upto0.010wL%. 

Cr: itfto1.0wt%> 

Mo: from 0.001 to 1.00 wt%, and 

the balance Fe and incidental impurities* coiing the hot-roNed steel sheet at a temperature of up to 750°C, then 
cc«-rofcigth©stee*$r^ 

& Amanutecttnngme^ 

claim 3 or 4, comprising the step of, after heating said steel sheet to a temper^ 

dp galvanizing in the rnktote of cooling, or after application of hoNSp gar^anizing, subjecting the steel sheet to a 
gawannesfcng treatment 
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6. A manufacturing method of a hirjfi strength thin steel sheet ewceftent in workabflrty and gatanizabiKty according to 
claim 3 or 4. comprising tie steps of. after heating said steel sheet to a terrperatur of at least 750°C, cooing the 
same, further, heating the same to a temperaiur within a range of from 700 to 850°C, and in the middte of subse- 
quent cooing, subjecting said steel sheet to hot-dp galvanizing, or further to a gahmmeaBng treatment after hot- 
dp galvanizing. 

7. A mantfacturing method o 

any one of claims 3 to 6. wherein said slab further contains rjne or more selects 
to 1.0 wt% Nb, up to 1.0 wt%Ti and up to 1.0 wt% V. 

a A manufacturing method of a high strength ho^ 
sionaccordtogtoclaim3,coi^ 

750 °C, pktttog the same, further, heating the same to a temperature of at least 750°C in m anneaing furnace, 
pic«ngtr» same aftw cooing 

remaining as picking residues on the steel sheet surirairt 

a Amanttetoringrriethodofah^ 

sion accordtog to cfcrim 3, conprising the steps of after coiingth^ 

750 -C, picMing the same, then, after cold-rotttog the steel sheet heating the same to a temperature of at least 

750^ to an anneaing furnace, cooing 

reducing conrJKons of Phased oxides remaining as pidd»^ 

steel sheet to hot-dp gahwcring. 

10. A manufacturing method of a h^ 

stonaccowingtodaim3. compri si ng the stops of. after coiing the hot^oied steel sheet at ate 
750^ picMing the same, then heattog the 

cooing the same, picMtog the same; then after heeing-reducing the steel 

portofanatowtpheiegaswithto 

gas within a range of from 1 to 100 vol.* objecting tte 

11. Amanutocturtogmethodof^ 

sk?n accorcing to cteim 3, co mpr isi n g the steps of, after cottng the hoHoiedsleelsheetaf a terrperature of up to 
75rrQpicldtog the same, then r^^ 

an anneaing furnace, then after cooing the sam*pid^ toe steel sheet, he 
cmitions inducing a ctew 
centraiontolheatmrjsphero 
dp gaMiniztog. 

12. Amarmitacturingmetr^ 
stonaccoidtog to claim 

750*0, picking toe same, then heatr* toe sanw to a temperature of at 

tog the same, picking the same, then, heattogrreductog toe steel sheet unto 

fcn temperature: t t CO satisfies toe toiowing equation (1) relabon to the P content in steel: P(wt%X and then, 
su b ject ing the steel sheet to hot-dip gafwaniaang 

0.9^ flP(wt%) + (2/3)] x 1 100 } / {t , (°C) } S 1 . 1 (1) 

13. Amanufacturtogmethodofar^ 

sion accordtog to claim 3, compi ising the steps of. after coiling the hot-rolled steel sheet at a temperature of up to 
750°C. pidtfng the same, coto-roling the same, then heating the steel sheet to a temperature of at least 750 *C in 
an annealing furnace, cooing the same, picking the 

that the heeing-reducbon temperature: t, fC) satisfies the following equation (1) rotative to P content in steel: 
P(wt%), and then, subjecting the steel sheet to hotd^ gc*mzing: 

0.93 aP(wt%) + (33)] x 1100)/{t 1 (°C)} =§ 1.1 (1) 

14. Amarwtacturtogmethodcfah^ 

sion accordtog to daim 3, compre ofupto 
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750°C, picking ihe same, then, heating the steel sheet to a temperature of at least 750°C in an anneaing furnace, 
cooling the same, pidding the same, then, hesbng-f eduong the steel sheet under conditions including a dew point 
of an atmosphere gas within a range or from -50°C to 0 °C, a hydrogen <x>rx»rrtration in the atmccpher gas within 
a range of from 1 to 100 vo4.%, and a r»ee*kigrreo\jciion temperatur : X 1 (°C) satisfying the following equation (1) 
rek*»e to the P content in steel: P (wt/*). and then, subjecting the steel sheet to hot-dip gafcanizing: 

0.9SflP(wt%)^(2«)]x1100}/{t l C > C)}S1.1 (1) 

15. Amafirfacturingmetr^ 

sion accordtog to claim 3. comprising the steps of, ato 

750*C, picking the same, then, after coU rolling the steel sheet, heating the same to a temperature of at least 

750*C in an annealing tomace, then cooing the same, picking the same, then rieeimg^reckjcing the steel sheet 

under condhionsincAjdr^ 

cer*aionhthea*iwsphere 

satisfying the toiowirigequ^ 

tohot^gahmzirig: 

O-SsflPfwi^ + ^BxIIOOJ/tt^^lall (1) 

16. Amanufacturkigmethodofa 

skm acxoning to any one of dam 

a temperature of at least 750 *C in said an/moingfcrnQceisaptttogm 

steel sheet in a picking liquid having a pH s> 1 and a iquid temperature within a range offrom40to90*Ctora 
period within a range of from 1 to 20 seconds. 

17. Amanutocturirigmethodofa 
sion acmdkig to claim 3, com 
750^ pictfng the same, toenhea^ 
^andsatsfytogtoefofcw^e* 
islying the toiowing equation 

jetting the steel sheet to hofrrjpg e j w i fri n g : 

035 ss flP(wt%) + (2/3)1 x 1150 l/fTfC) } 3 1.15 (2) 
0.35 s flp(wt%) ♦ p^H * (-30)} / P CQ } s 1 .8 (3) 

18. A manufacturing method of a Ng^ strength hol^ 

sion MCMlng to cWm 3, comprising the steps of, after coSn^ 

750*C, picking the same, toen cotd-roMng the same, then heating the same at a heating temperature: T within a 
rang* of from 750^ tot.ro 
tcf an atoiospriereo^ satisfying 
to 100 wJ.%, and then subjecting to 

0.85 * flPfwt*)* (2/3)) x 1150 }/fTCQ}s 1.15 (2) 

035 S flP(wt%) + (2/3)] x (-30)} /{t ( W C)} S 1.8 (3) 

19. A manufacturing method of a 
saonaccoidngtoafiyoneofctair^ 

conssting of up to 1.0 wt% Nb, up to 1.0 wt% Ti and up to 1 .0 wt.% V. 

20. A manufactoring method of a high strength gatanneatod steel sheet exceient in workability and coaling adhesion, 
comprising the step of subjecting the hoMip gafcanczed steel sheet obtained by the manufacturing method of a 
high strength hc*4p galvanized steel sheet araro^ 

ment- 

21. A nmufectoring method*^ 
comprising the ster*^ 
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to a gatanneating treefrnent wherein the galvanneaMng temperatur : t2 (°C) in said galvanneating treatment sat- 
isfies the totowing equation (4) relative to the P content in steel: P (wt.%) and the Al content: Al (wt%) in the bath 
upon said hot-dj) galvanizing: 

0.96 ss 17 x {100 x P(wt%) + (2/3)] + 1 0 x AJ(wt%) } ] /p 2 (• C)J sM .05 (4) 

22. A ntanutactoring method of a high strength gatanneaJed steel sheet excellent in workability and coaling adhesion 
accord^ to daims 20 or 21, wherein saw 

up to 1.0 wt% Nb up to 1.0wt%Ti and up to 1.0 wt% V. 

23. A high strength garvanneeied steel sheet ewefent in workability, coaling adhesion and corrosion resistance 
obtained by hotdpgatar^ 

the gtihanneiiling layer ri» 
from 0.002 to 0.11 wt%w 
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Fig. 4 
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